A model for the structure of the Escherichia coli SOS-regulated UmuD2 protein.
The ubiquitous Y-family of DNA polymerases, exemplified by the Escherichia coli UmuC protein (the catalytic subunit of DNA Pol V), possess the remarkable ability to replicate imperfect DNA templates that cannot be replicated by other types of DNA polymerases. Since this ability comes at the cost of a reduced fidelity, it is important that organisms manage these unique polymerases to coordinate their actions with those of the replication machinery. In E. coli, it is becoming evident that a sophisticated series of protein-protein interactions involving the two forms of the umuD gene product, UmuD and UmuD' and components of the replicative DNA polymerase serve to manage the actions of the umuC-encoded DNA polymerase. The purpose of this study was to better understand how structural differences between UmuD2 and UmuD2' help to determine which biological role the umuDC gene products will play; the UmuD2C complex functions as a DNA damage checkpoint effector, while the UmuD2'C complex participates in translesion DNA synthesis, which serves as the mechanistic basis for most chemical and UV light mutagenesis. Based on the results of a combination of disulfide cross-linking experiments, measurements of solvent accessibility and electron paramagnetic spin resonance (EPR) studies, we have developed a refined model for the structure of the UmuD2 homodimer. In the model that we are proposing, the N-terminal arms of UmuD (residues 1-39) form an extended interface in the UmuD2 homodimer by folding down over the globular domains of their intradimer partners. As a result, significant portions of the surface of each globular domain are buried in the UmuD2 homodimer. Based on the structure of the UmuD2' homodimer, both in the crystal and in solution, these same surfaces are exposed. Implications of these structural differences between the UmuD2 and the UmuD2' homodimers with respect to their roles in managing the actions of the umuC-encoded DNA polymerase are discussed.